
 i

TABLE OF CONTENTS 
 
 Page
  
TABLE OF CONTENTS i 
LIST OF TABLES ii 
LIST OF FIGURES iii 
LIST OF ABBREVIATIONS iv 
INTRODUCTION 1 
OBJECTIVES 4 
LITERATURE REVIEW 5 
MATERIALS AND METHODS 12 
 Materials 12 
 Methods 12 
RESULTS AND DISCUSSION 15 
CONCLUSIONS 37 
LITERATURE CITED 38 
APPENDICES 39 
 Appendix A Regression Analysis 40 
 Appendix B Gage Repeatability and Reproducibility 45 
 Appendix C Machine Correlation Transfer Function    54 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ii

LIST OF TABLES 

 
Table Page
  

1          32  Factorial Design 8 
2 Defect per million for each Sigma 10 
3 Key Parameter Inputs list 15 
4 SWOT analysis 20 
5 Single factor experiment 22 
6 ANOVA result 23 
7 Comparison averages of treatment pairs 23 
8 Qualified machine condition 25 
9 Result of GR&R of Leg_ht parameter at Section 3 on measurement 

type D 25 
10 Ursa01’s summary input parameters 27 
11 Ursa01’s an assumption input of parameters 28 
12 Ursa01’s an assumption input of incoming head parameters 29 
13 Ursa01’s an assumption input of process parameters 30 
14 Sensitivity for Regression coefficient 33 
15 Sensitivity for Head installation effect 34 
16 3k Design for experiment 34 
17 Percents variation contributions of Hp after put new process inputs 34 
18 Percents variation contributions of Hp after put new process inputs 35 
19 Percents variation contributions of Hp before put new process inputs 35 
20 Percents variation contributions of Hp before put new process inputs 35 
21 Summary result of simulation 36 
  
Appendix Table  
   
C1 Mean of head position  55 
C2 The result of experiment 55 
   
   
   
   
   
   
   



 iii

 LIST OF FIGURES 

 
Figure Page
  
1           Sigma roadmap for the head pitch parameter  2 
2 Sigma roadmap for the spring force parameter 3 
3 Flow process chart of Ursa01 and Ursa02 3 
4 Steps in a simulation study 6 
5 Basic Laser Micrometers 9 
6 Assembly variation of Hp parameter 13 
7 Assembly variation of Sp parameter 13 
8 The system application design concept 14 
9 Process assessment flow chart 16 
10 Transfer function development 17 
11 Surface plot of Hp parameter for head down 18 
12 Actual by predicted plot of Hp parameter for head down 18 
13 Location of sections 1 and 2 on leg of actuator 21 
14 Leg pitch calculation 21 
15 Measuring position on Ursa01 22 
16 GR&R result from Minitab 24 
17 Experiment flow chart 26 
18 The result of Ursa02 simulation 36 
  
Appendix Figure  
   
A1 Regression analysis of Hp for head down 41 
A2 Regression analysis of Hp for head up 42 
A3 Regression analysis of Sp for head down 43 
A4 Regression analysis of Sp for head up 44 
B1 GR&R of Tip height head 0 47 
B2 GR&R of Tip height head 1 49 
B3 GR&R of Tip height head 2 51 
B4 GR&R of Tip height head 3 53 
C1 Linear regression of Leg_Ht 0 56 
C2 Linear regression of Leg_Ht 1 57 
C3 Linear regression of Leg_Ht 2  58 
C4 Linear regression of Leg_Ht 3 59 
C5 Linear regression of Leg_P 0 60 
C6 Linear regression of Leg_P 1 61 
C7 Linear regression of Leg_P 2 62 
C8 Linear regression of Leg_P 3 63 
   
   
   
 



 iv

LIST OF ABBREVIATIONS 
 

α  = Type-I error 
ANOVA  = Analysis of variances 
BRG_Ht  =  Bearing height (inch) 
BRG_P  =  Bearing pitch (degree) 
DES  =  Discrete-event system 
DOEs  =  Design of experiments 
DPPM  = Defect parts per million  
GR&R   = Gage Repeatability and Reproducibility 
Hp  =  Head pitch of finish products (degree) 
Hp(incoming) =  Head pitch of incoming parts (degree) 
KPIs  =  Key performance indicators 
KPOs   = Key Parameter Outputs  
Leg _Ht     =  Leg height that is measurement reading from final tester (inch) 
Leg _Ht(type D) =  Leg height that is measurement reading from final tester (inch) 
Leg_P  =  Leg pitch that is measurement reading from final tester (degree) 
Leg_P(type D) =  Leg pitch that is measurement reading from final tester (degree) 
Sp  =  Spring force of finish products (gram) 
Sp(incoming) =  Spring force of incoming parts (gram) 
VBA   = Visual Basic Application 
VOC   =  Voice of the Customer  
 
 
 
 
 


